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Rational

* The purpose of this research was a learning exercise for scientists and
engineers undertaking work in the field of remote sensing
instrumentation calibration and validation.

* The exercise included a tour of an optical calibration lab operated by the
Remote Sensing Group (RSG) at the University of Arizona (UofA).

e The field component was to perform a surface reflectance inter-
comparison of different methods of collection at a RadCalNet site
(Railroad Valley Play, Nevada USA).

* The target was to perform a reflectance-based calibration of an on-orbit
satellite sensor (Sentinel 2) with the data collected if the conditions

were good.
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Method

 Two sites at RRVP

e 80 m E-W transect for experiments

e High resolution cal-val site used by RSG UofA and NASA
 Three teams of two people

e Spectroradiometer operator

* Note taker/spotter/reference panel operator

e Teams consisted of a mixture of levels of field spectroradiometer experience
e Spectral collection methods

e Stop and collect
e Moving transects
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Instrumentation

e Spectroradiometers
e ASD FieldSpec 4, Serial number: 18497 1
e ASD FieldSpec, Serial number: 687 _7

e Reference Panels

e Two 99% reflectance Spectralon 20 inch (500 mm) panels on custom 3 legged
mounts, ~500 mm from the surface (Serial: S6 and S7).

e RadCaTS and Ancillary instruments
e CIMEL sun photometer
e Weather station

e Ground viewing radiometers (GVR)
e CaTSSITR transfer radiometer




Measurement notes

e Spectroradiometer was optimised at the start of the experiment before
saving spectra over the reference panel. There is a potential for
saturation of the spectroradiometer due to changing light conditions
during the experiments if the collection takes a significant time.

* The reference panel was aligned to be orientated so a specific edge was
always normal to the sun. The panel was also calibrated for reflectance
factor at different angles based on the specific edge by the RSG at UofA.

* The reference panel was carefully levelled each time it was moved.

* A pole with the 8 degree foreoptic was held perpendicular to operator
out to the south at around hip height and swapped over on the return
path.
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Experiment 1: Repeatability measurements

* Determine the repeatability and accuracy of multiple users
measuring the same 80 m linear transect over multiple collections.

e Collection of 32 spectra (average of 20 scans per spectra) walking
east for 80 m, then returning the same transect walking west
collecting 20 measurements.

* Panel measurements (8 spectra) before and after the transect.
——— — _r_ = -




Experiment 2: Measurement method comparison

e Comparison of the moving collection (continuous) method versus
a stop and measure method.

e Collect data on the same transect as the repeatability test. 8
spectra (average of 20 scans) performed every 10 m in one
direction only and a panel reference measurement collected at the
start and after each surface measurement.

C_ontinuous Stop and measure




Experiment 3: Reflectance-based calibration method -1

* North-south transects. Walking north along first transect and
south along second transect, returning to reference panel.

* Transects are 20 m apart.
* Reference panel measurement, relocated at the southern end, at




Experiment 3: Reflectance-based calibration method -2

e Stop and measure (S&M) along the north-south transects. 12 stop
collects taken throughout the area. Panel is moved and set up
before each measurement

e Reference panel measurement before each measurement.
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Results

e Reflectances for each spectra were calculated by applying the
specifc reflectance factor for the panels (measured at RSG UofA’s
lab) for the illumination angle of the sun.

 Wavelengths in the 1346-1447 nm, 1800-1965 nm and 2432-2500
nm regions were removed from calculation of the averages,
standard deviations and coefficient of variations.




Experiment 1 : Continuous measurement

e 12 runs over 3 hours by 7 operators using 2 spectroradiometers
and 2 panels.

e ~3% variability between the average reflectance of all the runs,
reduced after the data was mean-normalised.

* Instrument dependant variations seen between the
spectroradiometers




Experiment 1: Continuous measurement

12 Collects by 7 operators along E-W

1 E1_ASD1_P7_OP1_R1 3.23
80m transect.
2 E1_ASD2_P6_OP2_R1 3.88 .
3 e —— 241 * Good solar conditions, low amount of
4 E1_ASD1_P7_OPA4_R1 3.37 wind, >37°C temperatures.
5 E1_ASD1_P7_OP5_R1 3.99 * Some operators first time using this
8 S 3.01 type of field spectroradiometer
7 E1_ASD2_P6_OP2_R2 2.78
8 E1_ASD1_P7_OP3_R2 3.49 Key:
9 E1_ASD2_P6_OP6_R1 3.48 E — Experiment
10 E1_ASD1 P7 OP4 R2 5 59 ASD — Spectroradiometer number
P — Panel number
11 E1_ASD1_P7_OP5 R2 4.64 OP — Operator
12 E1_ASD1_P7_OP7_R1 3.17 R — Run number
Average CV for Individual Collections 3.42
SD 0.56 CV — Coefficient of variation

SD — Standard deviation




Experiment 1: Comparison of operators
R apectrorenometare ence with operation of - | A

* The coefficients of variance (CV) for each operator op1 310 350
for 2 runs were compared. Experiment (Exp) 2
continuous measurements were also included. oP2 3.33 3.14

* Not enough data was obtained (3 runs in total if

Experiment 2 data was included) to produce oP3 345 337

meaningful results. opa 08 243
 However, inexperienced operators were able to

produce low CV data. oP5 431 3.79
* Inexperienced operators CV lowered when both oPe ] 391

Exp 1 and Exp 2 (day 2) data was combined, while

the more experienced operators CV increased, op7

which could be partly due to changing weather
conditions.




Experiment 1: Comparison of Spectroradiometers

* The deviation from the mean reflectance shows that there was a
difference between the two spectroradiometers/panels.

e Overall the comparison of CVs for the 2 spectroradiometers shows
similar values for Exp 1 and Exp 2 continuous measurements.

Expl ASD1 3.43
Expl ASD2 3.38
Expl and Exp2 ASD1 3.50

Expl and Exp2 ASD2 3.44




Experiment 2: Stop and measure vs continuous

e Un-normalised data shows a range of reflectance of 3-5%.

e Differences in the average reflectance spectra between the S&M
vs Cont. measurements.

Exp 2: S&M




Experiment 2: Stop and measure vs continuous

 Mean-normalised data shows similar results for each run
regardless of the sampling method used for the 80 m transect.

Exp 20 WM SEM Exp 2: Mean Normalised continuous (averaged)

15 G801 57,079, 5 MM v |3 T A ASIVT S CIRT T w0 TS ANIYT, P F TR A
L3S, Sl LIPS, SR BARL arew L THAL 2 0, O, W BN e |3 THILT_ASENE B 0 T WA L3 O ALY, PO DG, T
-] 1o ['SE ] a ok, e | & 1 ] L sl 1 AGIYTL PSS T o
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* Saturation occurred during sections of this run. Data was omitted.




Experiment 2: Stop and measure vs continuous

e Plotting the average mean-normalised Stop and Measure with the mean-
normalised Continuous measurements shows they are very similar, as shown by
the difference plot between the two methods for Experiment 2.

Exp Z: Difference betweaen "Continous’ and 'Stop and Measure' along B0 m E-W transact




Experiment 2: Saturation on panel at end of scan

e Found to occur with older ASD (also instrument had heat related
operating issues)

Exp 2 ASD2 P6 OPG C: Saturation
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Experiment 2: Coefficients of variance
 The CV and SD for each of the individual Stop wetnod | v |

and Measure collects were low, but the

variance between all of the measurements of e I
the whole run of the 8 points was higher than Jenusu:
the CV of the continuous method.

E3_ASD2_P6_OP5_C

E3_ASD2 P6_OP5_S&M




Experiment 2: Coefficients of variance
T T T

e (CVs decreased for continuous 1 E2_1706_ASD1_P7_OP1_C 4.26
measurements throughout the 5 E2_1710_ASD2_P6_OP5_S&M c 63
experiment, whereas CVs increased . N T e —— T
for the S&M measurements A S i E B GG 434

* Field note sheets indicate the : . 430
presence of wind and haze in the ; £2 1800 ASDL P7 OP2. S&M 408
later measurements.

7 E2_1831_ASD2_P6_OP5_C 2.73

S 8 E2_1832_ASD1_P7_OP1_S&M 6.42
e e T 9 E2_1843_ASD2_P6_OP6_S&M 6.15
10 E2_1853_ASD1_P7_OP3_C 3.21

11 E2 1909 ASD1 P7 OP4 S&M 6.33

12 E2_1939 ASD1 _P7 OP2_C 2.75

Average 4.71

Average S&M 5.88

Average Continuous 3.60




Experiment 3: Comparison at the Cal val site

* Larger area of measurement (80 x 220 m), therefore less runs were collected.

e Cloudy conditions in the afternoon hindered the collection. Only 5 runs were made.
e Older spectroradiometer started to overheat, limiting the number of concurrent runs.
e Good agreement between step and measure and continuous data for ASD1.

Feperiment 3: Stop and Measure (dashed] vs Continuaus [salld], 40 minutes apart.

Expariment 3 M-5 transects: Averages of Continuous and Stop & Measure




Experiment 3: Saturation during two transects

 Older ASD exhibited problems. Exp 3 1900_ASD2_P6_OP5_C
e Example of spectra from Transects 2 and 3. s
* No optimisation was done on the panel after 045
transect 2.
* Cirrus clouds may have changed light conditions o
causing the spectroradiometer to saturate on the
| 0.3
pane
* Removed the two transects with saturated data. Fi
0.2
Taken from the field note sheets: 02
DKER for COLLECTION NOTES
1.15
I'mael £ Trereees Tergzl Aol EWIE Gunes v, Weader M
Taomemn | TpacTi Qptinalee or Canediivan
¥ Bl Ok Pk, Wizal) A e
S fgectnm | L T grlear #41 Sart Timer A A | General westher conditions (wind, clouds, ete,) for callection St e o ©vets (fawat cire St
1; [.X:'amr .r.el-\:r':-..)r'h-'.a:,llu.' I: g:&fmc."r(:.y"_-; foamrm e Maa S
Ir I| . Shy sunditiony st pverpess Oversun_0fiuast cehne cacgooden f, ,ryv.ﬁ,g_”ﬂ‘, sy
End Theani 4-5ert Parad 3 144 "‘4'{["5'1" |: I ¥ !
T — 2 42 des ;-.l!wr- PR == Gpre an i e 45
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Experiment 3: Mean normalisation of data

 When the data is mean normalised, the spectra of the different
spectroradiometers plot together, with Stop & Measure and
Continuous data producing similar average spectra.

Exp 3 Mean Normalised data; Spectrometer/panel

dependance

12 U
11 A1AS D2

1
0.9
08 ASD1
a7
0.6

500 700 900 1100 1300 1500 1700 1900 2100 2300 2500

—F3_1703_ASD1, PT, OP1, C F3_1717_ASD2, MG, OPR, S&M

11, B OP3, SEM L3_1900_ALDR, PG, OP5, C




Experiment 3: Mean normalisation of data

The difference plots from the average of all of Exp3 measurements shows a similar
grouping, with greater variation in the S&M and Continuous spectra in the SWIR2 region
(1900 - 2500 nm).

Exp 3: Mean Normalised data difference from MN average

1.1 i
105
1
095
500 F0 Eb L 1100 1200 1500 1.0 1500 2100 2300 2500
m— AN AYEED 103 ASDL, 0, OFL C MM AVE ES LILS NS, PR, OP, SN
MM AVEES 1836 ASDL, I'7, 073, S8 MM AVEES 1300 AsDZ, e, O, O T EED

AN AT F3_1907_asrd, #7, 0F2, C




Experiment 3: Coefficients of variance
(Run | Code | CV%_

e Average CV values were higher for

Exp3 than Expl or Exp?2. 1 E3_1703_ASD1, P7, OP1, C 4.79
* Measurements were interrupted by 2 3 1717 ASD2, P6, OP6, S&M i
clouds. ;
. Only 5 runs were CO”GCted. E3_1856_ASD1, P7, OP3, S&M 5.77
e Conditions were much more windy 4 E3_1900_ASD2, P6, OP5, C 3.44
that previous days experiments. 5 i see A6, B GOALC 203
e Continuous measurements took ~20 -
minutes. Whereas S&M took ~35 Ave CV >22
minutes. Ave S&M CV 6.92

Ave Cont CV 4.09




Conclusion

* Field sheets were useful for looking back at the conditions or when
anomalies were found in the data.

 Meteorological, AERONET and transfer radiometer data needs to be
examined in detail.

e Stop and Measure method allows control to remove bad spectra and can
better characterize the surface, but less area can be measured in a
restricted time, such as a satellite overpass. Thus, this technique may be
useful for surface characterization of an area in good conditions.

e Solar irradiance variations can be observed in the samples, but the
influence of pointing cannot be discarded as a possible source of
variability.

e The exercise proved highly successful at demonstrating the procedure
of field measurement for satellite cal-val measurements.
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